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APPENDIX Q

GEOLOGIC HAZARD STUDY
GEOTECHNICAL INFORMATION
COLUSA POWER PLANT

Q.1 FIELD EXPLORATION

As part of the Colusa Power Plant Geologic Hazards Study, URS performed a field exploration program
consisting of four borings with the principal objective of collecting geotechnical data necessary for
evaluating the engineering characteristics of the subsurface soil strata. Three borings were drilled to
depths of approximately 50 feet, and one boring was drilled to 80 feet. The locations of the borings,
shown on FigureQ-1, were chosen to evaluate the subsurface conditions across a broad area of the
proposed site to provide a preliminary geotechnical characterization of the site. Soil samples were
collected at 5-foot intervals using the Standard Penetration Test (SPT) sampler and the Dames & Moore
U-sampler. The soil samples were examined in the field by a URS geologist and classified according to
the Unified Soil Classification System (USCS). Logs of the borings are presented on Plates Q1-1
through Q1-4. A soil classification chart and key to the test data are presented on Plate Q1-5.

A geotechnical laboratory testing program was performed on selected samples from the field exploration
program to determine the index and engineering properties of the subsurface soils. Geotechnical testing
was performed by Signet Testing Labs, a URS company, at their Hayward, California facility. Results of
the index and direct shear tests are summarized on Table Q-1 and are included on the boring logs on
Plates Q1-1 through Q1-4. Grain size distributions are shown on Plates Q2-1 through Q2-8. Direct shear
results are shown on Plate Q2-9.

Q.2 SUBSURFACE CONDITIONS

The subsurface soils to the maximum depth explored (80 feet) can be divided into two strata:  the
Surficia Clay and the Silty Deposit.

Surficial Clay: The Surficial Clay consists of a 2 to 8 feet thick, medium stiff to very stiff dark brown
clay to sandy clay with trace amounts of roots. In borings B1, B2, and B3, the clay was classified as a
lean clay (CL), and in B4 the surficial clay was afat clay (CH). Laboratory tests indicate that the surficial
clay layer has a high to very high swell potentia with plasticity index results ranging from 25to
37 percent. The natural water content of the clay was measured at 18.9 percent and 22.5 percent in
borings B2 and B4, respectively, whereas the plastic limit was measured at 22 percent and 19 percent,
respectively. Because the natural moisture level is very close to the plastic limit of this soil, the
introduction of moisture will cause this soil to swell.

Silty Deposit: The Silty Deposit was explored to a depth of approximately 50 feet in B1, B2, and B4,
and to a maximum depth of 80 feet in B3. This unit generally consists of very tiff to hard, brown, light
brown, and brownish yellow silt to sandy silt with varying amounts of clay interbedded with occasional
silty sand and lean clay lenses. In the deeper boring (B3), the color below 60 feet was a dark greenish
gray. This may be an indication of the groundwater table, because all the soils above the depth of 60 feet
were various shades of brown, which could reflect oxidation as a result of exposure to air. Laboratory
tests indicate that the moisture content for the Silty Deposit above a depth of 10 feet ranged from 17 to
18 percent. Below 10 feet, the water content was dightly higher, ranging from 19 to 25 percent. Total
density was more scattered, with values ranging from 108 to 130 pounds per cubic foot.
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Q.3 PRELIMINARY CONCLUSIONS

The selection of the foundation support system for the proposed structures must satisfy the requirements
of support for the imposed loads while controlling settlements under the proposed structures within
tolerable limits.

Q.3.1 EXPANSIVE SURFICIAL CLAY

The Surficial Clay layer ranges in thickness from 2 to 8 feet and has a high to very high swell potential
with a plasticity index ranging from 25 to 37 percent, and natural moisture contents at or near the plastic
limit. Thislayer should not be considered as a competent foundation layer. The introduction of moisture
will cause this clay to swell and exert significant and potentially damaging heave pressures on any
medium to light-weight structure placed upon the clay surface. This clay should be stripped and removed
prior to construction.

Q.3.2 LIQUEFACTION POTENTIAL

URS evaluated liquefaction potential for the project site based on subsurface data obtained from the field
investigation. It is generally recognized that liquefaction will occur in saturated, loose to medium dense
sands and silty sands during moderate to strong ground shaking from earthquakes. Conventiona
evaluation of liquefaction in sands involves evaluation of in situ density and resistance to cyclic stresses
based on penetration resistance data (Youd and Idriss, 1996; Seed et al., 1983). This approach is valid
typically for clean sands to silty sands with no greater than 35 to 45 percent fines content by weight.
Based on field identification and laboratory tests, the silty sand lenses within the Silty Deposit generally
have between 12 and 40 percent fines content. Based on observed typical penetration resistance values of
greater than 30 blows per foot, these lenses are too dense to be subject to liquefaction under moderate to
strong ground shaking.

Significant cyclic loss of strength and settlements can potentially occur in saturated, soft, non-plastic and
low-plasticity plastic silts. The four borings drilled for this investigation indicated that the silts were all
very stiff to hard with blow counts exceeding 40 blows per 12 inches of drive. Therefore, URS does not
believe the silts within the Silty Deposit will be subject to liquefaction.

Q.3.3 PRELIMINARY FOUNDATION CONCEPTS

The Silty Deposit consists of very stiff to hard silts to sandy silts interbedded with silty sand and lean clay
lenses. Thislayer can provide competent foundation support and does not present a liquefaction hazard.

Three options have been considered for foundation design: (1) a mat foundation; (2) a drilled pier
foundation; or (3) a driven pile foundation. If a mat foundation is considered, the most important
foundation design consideration will be the allowable differentia settlement. Very heavy power-
generating turbines may not be able to tolerate much differential foundation settlement. Therefore, the
mat foundation design must carefully consider the compressibility characteristics of the underlying silts
and any thin clay lenses that may be present.

Drilled piers would rely primarily on either shaft friction or end-bearing resistance in the very stiff to hard
silts of the Silty Deposit. This foundation system can be installed without casing by the dry method,
provided that the groundwater table is below the bottom depth of the drilled piers and the soils are not
subject to caving. Based on the four preliminary borings, it appears that the drilled piers could be
installed in this manner.
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A driven pile foundation can rely upon the end-bearing and frictional support provided by the Silty
Deposit. Based on the preliminary information, driven piles most likely would be designed as friction
elements. Pre-drilling would be required to design driven piles as end-bearing elements.

Future geotechnical investigations for foundation design should focus on the strength characteristics of
the silts throughout the Silty Deposit and the compressibility behavior of the shallower silts and the clay
lenses.

Q.4 REFERENCES
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Performance Data,” Journa of Geotechnical Engineering, Vol. 111, No. 12, pp. 1425-1445.
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Table Q-1
Summary of Laboratory Index Test Results
Passing
Moisture Total Dry #200 Liquid | Plastic
Depth Soil Content | Density | Density Sieve Limit Limit Plasticity Other
Boring (ft) Type (%) (pcf) (pcf) (%) (%) (%) Index Tests
B1 5.0 SM 13.8 113.8 100.0 40
10.0 ML 16.7
15.0 ML 24.3 125.1 100.6
20.0 ML 22.7
25.0 SM 41 SA
30.0 SM 20.1
40.0 ML 23.7
B2 3.0 CL 18.9 69 47 22 25 SA
10.0 ML 151
15.0 ML 21.2 129.0 106.4
20.0 ML 24.6
30.0 ML 225
35.0 ML 221
50.0 ML 24.1
B3 5.0 ML 13.2 59 SA
10.0 ML 18.1 108.4 91.8
15.0 CL 224 79 a4 26 18
20.0 ML 19.4 125.4 105.0
25.0 ML 70 SA
25.0 ML 21.4 1145 94.3 DSCD
25.0 ML 22.0 114.2 93.6 DSCD
25.0 ML 23.7 112.6 91.0 DSCD
30.0 ML 245 126.6 101.7
35.0 ML 20.3
45.0 ML 25.0
55.0 ML 27.0
60.0 CL 235 128.1 103.7 70 39 24 15 SA
80.0 ML 20.6
B4 0.0 CH 225 83 56 19 37 SA
5.0 ML 14.7 110.7 96.5
10.0 ML 13.2 120.6 106.5
15.0 ML 22.9
20.0 SM 18 SA
25.0 ML 21.2
40.0 ML 225 129.9 106.0
45.0 ML 22.2
50.0 ML 19.3

Notes: SA = Sieve Analysis
DSCD = Consolidated Drained Direct Shear
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PLATE Q1-4




LABORATORY TEST DATA SAMPLING
ATTERBERG| '
RS C | STRENGTH DATA BORING B-4
WiEE| _|lr=l| 8 |zcil w | £ x| of
LSk oE|EE| B c‘%;'mgﬁ - |2~ |5y 2%
zZ | = BNl 5 g—ﬂ: SZ6 EE &8¢ |pa | 2 |9
T | 3— n “‘a IWn | B [ on = | = w
32 | <9 | w (EFRGES GF | =7 Fz | =a g
E E§ =la=| & %8& @ 22| & vy | =
o | i F & & SYMBOL DESCRIPTION
35 SPT | 72 1 | BROWN SILT with some sand, maist, very stiff
| |
|
ML | BROWN CLAYEY SILT with trace sand, stiff, moist,
maottled.
11| MR R : U ""5":;" '. Packet Penetrometer Su = 2,750 ﬂﬁf
|
L i e T o Ra e | SPT | &4 H grades to little sand.
R T e e 1 =pT | 2850 1 Tarvane Su = 4,350 psf
! r
\Pocket Penetrometer Su=4500psf |
Notes:
1. Boring complated al a depth of 51 feet on March
22, 2&11.

e Eofturtclo) ot eyt hruheicr P vonedebk: kol ISR [Ea 2. Boring log indicates intarpreted subsurface
canditions enly at the location and the time that the
borehole was drilled.

3. Sampling resistancea for "SPT" and "U" samplers
measured in blows per foot to drive the sampler 12
inches after an initial seating depth at & inches.
Using a 140 |b hammer dropping 20 inches,

T e [l Sty EESTEVEY IEFETEES: sERbe ] DECECES SRCRETES S 4, Groundwater was not measured due to the drilling
method.

ES .................................................. L

70 - !

Job Mo:  45800-530-043 ' B of Borinc
PLID:  RELIANT.GPJ/B-4 m og
Log Template: 1A May 2, 2001 PAGE 2 of 2
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Particle Size Distribution Report
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Nk HRIR
| ?i:,’ii‘Wii s LRI
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300 100 10 0.1 0.01 0.0

. COBBLES

¥ GRAVEL

%o SAND

% FINES

CRS. |

FINE

CRS. |

MEDIUM

FINE

SILT

CLAY

0.0 |

0.0 |

0.0

0.2 |

8.1

al.4

40.3

SIEVE
SIZE

PERCENT
FINER

SPEC.

' PERCENT |

PASS?
{X=NO)

ES)
#10
#20
#40
B0

i 140
#£200

100.0
903
08.0

I

i

o g
Bty
Led O = =4

Soil Description

Yellowish brown Silty sand

Atterberg Limits

LL=

Coefficients

Dgp= 0.161
D15=
CC:

Classification

PI=

Dgp= 0.
D1.:|=

AASHTO=

Remarks

120

Sample No.; |
Location:

" Ina speification provided)

Source of Sample:

B-1

Date:

Elev./Depth:

'SIGNET TESTING
LABS, INC.

| Project No:  46800-930-043

| Client: URS ' Dames & Moore
| Project: Reliant Energy Colusa County

Plate

PLATE Q2-1




PERCENT FINER

Particle Size Distribution Report
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a0

20

10

|
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2 % - L | 4 NERE . -1 |
Ik HERE T : ATIE - '
CNEELE CRITEL L | ENHRNEIR
: 00 A O N : L\ ||
: : N (IR R [ d 1 M |
: RS Al IR E : N
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T ELEE RN RNl |
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500 100 70 1 0.1 .01 001
GRAIM SIZE - mm
% GRAVEL % SAND * FINES
¢
HpORRLES CRS. FINE | CRS. | MEDIUM |  FINE SILT T CLAY
0.8 71 | 497 40.9

PERCENT
FINER

SPEC.'
PERCENT

PASS?
(X=NO)

98.5
017
95.7
90.5
.7
467
40.9

USCS= 5M

LL=

Soil Description
Dark yellowish brown Silty sand

Atterberg Limits

Coefficients

Dgo= 0.138

Die=
Oig

Classification
AASHTO=

Remarks

Pl=

Dgp= 0.120
|:'1 [}=

" (no specification provided)

Sample No.:
Location:

5

Source of Sample:

B-1

Elev./Depth:

Date: 4-9-0]

25 ft

SIGNET TESTING

LABS, INC.

| Client: URS/ Dames & Moore
| Project: Reliant Energy Colusa

| Project No: 46800-930-043

County

Plate

PLATE Q2-2



Particle Size Distribution Report
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30 18 B S BT e e 7
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W Bt st R
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500 100 j1v] 1 0.1 0.01 0.001
GRAIM SIZE - mm
I
. % GRAVEL % SAND % FINES
% COBBLES  ™-ps | FINE | CRS. | MEDIUM | FINE SILT [ cLay
0.0 00 | 00 2 | 33 1 336 68.5

SIEVE | PERCENT | SPECS ‘ PASS? Soil Description
SIZE FINER PERCENT | (X=NO) Dark yellowish brown Sandy lean clay

# 100.0 |
#10 98.8 .
#20 96.3 :
#40) 9l -

#60)
#140
#200 |

Atterberg Limits
FL= 22 LL= 47 Fl= 23

Coefficients
Dgs= 0273 Dgp= Dgp=

Dag= D15= D1p=
D3

[ e
G
Loy et ==

Classification
Uscs= CL AASHTO=

Remarks

" (o spesztfication provided)

Sample Mo.: Source of Sample: B-2 Date: 4.7-01
Location: Elev./Depth: 2-3 ft

| Client: URS/Dames & M
S I G N ET TE STI N G ! Fr:':ct: L]]::ii;.mas::rg}r C: lnur:a County
LAB S y I N C s ;___E_r_oject MNo: 46800-930-043 Plate

PLATE Q2-3



Particle Size Distribution Report
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L ' i : R
10 : ; b . i
| 2 Hll : ; - O N I
0 LB Bl g ¢ HE {11 A ~.
500 700 10 1 0.1 7ol 5,007
GRAIN SIZE - mm
: % GRAVEL % SAND | % FINES
RCOPBLES | cms: FINE CRS. | MEDIUM FINE SILT | cLAY
0.0 | 0.0 0.0 0.7 7.1 336 58.6

SIEVE PERCENT SPEC." PASS? Soil Description
SIZE FINER PERCENT {(X=N0O) Qlive yellow Sandy silt

s 100.0
#10 ;
#20

99.3
07.2
#40 92.2 Atterberg Limits
B35
64.3
b

. PL= LL= PI=

2140 a3
w2 58. ! Coefficients
| Dgs= 0.269 Dgn= 0.0821 Dgp=
Dap= D15= D1g=
Cu= Ce™
Classification

f USCS= ML AASHTO=
, Remarks

" (no spesification provided)

Sample Mo.: 2 Source of Sample: B-3 Date: 4-7-11
Location: Elev./Depth: 3t

; ~ || Client: URS/Dames & Moor |
SIGNET TESTING :i Pr:j:ct: Reliant Ene:rgyfjlifa County i

LA B S 3 I N C_ - ' Project No:  46800-930-043 Plate

PLATE Q2-4



Particle Size Distribution Report

0.001

CLAY

ription

Yellowish brown sandy silt

PI=

Limits
cients

Atterbe
LL=

PL=

Dgg=
Dig=

AASHTO

Remarks

D1s
Classification

Dgs= 0.185
DBS

c

USCS= ML

—
g o
5 |E| |8
S
b=
=
[+
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PASST

(X=NO)

SPEC.”

PERCENT

o TP R e PR I e TR e
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" § 7| R SN NN [ E—— PP R I NN (S J|E (=
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% COBBLES

0.0

PERCENT

FINER

SIEVE

SIZE

{no specification provided)

£l

4-13-01
25 ft

Date:
Elev./Depth:

B-3

Source of Sample:

6

Sampile No.:
Location

SIGNET TESTING|

URS / Dames & Moore
Project: Reliant Energy Colusa County

Client:

Plate

| Project No:  46300-930-043

LABS, INC.

PLATE Q2-5



Particle Size Distribution Report
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500 100 10 1 0.1 0. 0.001
GRAIM SIZE - mm
i % GRAVEL % SAND % FINES
ASEE | _uns FINE | CRS. | MEDIUM FINE SILT [ cLay
0.0 | 0.0 1.2 1.6 6.3 202 70.2

PASS?
(X=NO)

PERCENT SPEC.”
FINER PERCENT

‘ ion
100.0 |
|

Soil Descri
Bluish gray Lean clay with sand

99.5
988
97.2

Atterberg Limits
944 4

LL= 39

Coafficients

PL= 24

L P . ]
SERS
[ T Y

Dgs= 0.244

Bag=
Co=

Dgo=
Dqg=
Co=

Cgn=
D1p=

Classification

Uscs= CL AASHTO=

Remarks

e - .
(no specification provided)

Date: 4-7-01
Elev./Depth: &0 f1

Sample No.: 13 B-3

Location:

SIGNET TESTING
LABS, INC.

Source of Sample:

Ii Client: URS / Dames & Moore
‘ Project: FReliant Energy Colusa County

| Project No:  46800-930-043 Plate

PLATE Q2-6




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm
% GRAVEL % SAND % FINES
e CRS. FINE CRS. | MEDIUM FINE SILT [ cLay
0.0 0.0 02 0.4 1.9 15.0 825

SIEVE
SIZE

PERCENT
FINER

SPEC.
PERCENT

PASS?
(X=NO}

38 n.
#4

#10
#20
40
#6()
#140
#200

100.0

96 8
99,4
9.7

S0 S A O

1 i B -
i OO nCr Ly

PL= 19

Das= 0.0980

Dan=
Coe

USCS= CH

Soil Description

Strong brown Fat clay with sand

Atterberg Limits

LL= 56

Pi=

Coefficients

Dgp=
Oy §=
':C:

Csn=
B1p=

Classification
AASHTO=

Remarks

37

" ino spezificanon provided)

Sample No.:

Location:

1

Source of Sample:

B4

Date:
Elav./Depth:

4-10-01
0-5 fit

SIGNET TESTING

LABS, INC.

| Project No:  46800-930-043

il Client: URS/ Dames & Moare
| Project: Reliant Energy Colusa County

Plate

PLATE Q2-7




Particle Size Distribution Report
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GRAIN SIZE - mm
% GRAVEL % SAND % FINES
RCOERLES CRS. FINE CRS. | MEDIUM FINE SILT | cLaY
0.0 0.0 29 [ 43 20.9 45.0 e 17.0

SIEVE PERCENT SPEC. PASS? Soil Description
SIZE | FINER PERCENT | (X=NO) Dark yellowish brown Silty sand
2in. | 1000
8 in. 90,1
#4
#10
#20
#40
#60
#140
#200

]
o

Atter Limits
PL= LL= Pi=

Coefficients

o hd b T 5
=gkl kg
R - -y

D3g= 0.187 Dis= T
Cu: CC-=

Classification
UsCs5= 5M AASHTO=

Remarks

Dgs= 0.829 Dgp= 0.399 Dgo= 0323

-
(o specification provided)

Sample No.: 5 Source of Sample: B-4 Date:
Location: Elev./Depth:

4-7-01
20 fi

& [ Client: URS/Dames &M
S I G N ET TE STI N G . Prl:j:ct: R&I:anla;::rg}' C':IT,IT:E County
LA E_g: I N C . | Project No:  4a800-030-043 Plate

PLATE Q2-8
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Horiz. Displ., in Heriz. Displ., in
7000 : |
I i Legend
“i.'ﬂ‘ EUGE | x Tasl na 1
< | ad Tast ne.2
w 5000 T ey Tast no.3
= i ;
@ 4000
ke L | 5 E ./""‘f | I
2 3000 | _ /*""'/ — |
< — = i 1
@ 2000 | : i
a. 7/./ Ll i | Results
1000 +<— | i ! C = 800 psf
5 . ' | ! I phi= 27 deg.
§
0 2000 4000 6000 8000 10000 Gs= 270
Type = undisturbed
Normal Stress, psf
FPeak Strain| Initial| [nitial | Initial| Initial (Initial| Initial { Final | Final | Final| Final | Final
Test| Sigh | Shear | Displ. | Rate| MC | DD | Sat | Veid | Ht | Dia | MC 0D | Sat | Vaid Ht.
ne psf_|str,psfl in. linthr| % | pet % | Ratio | in. in. % pcf % | Ratio in.
1 2000 | 1740 (0144 { 0.05( 21.4 1 94 3 ¥3 | 0.787 | 1.00 1 2416| 26.2 | 47.9 98 | 0.721 [ 0.983
2 4000 | 2933 | 074|005 220 | 938 74 | 0800 [1.00]2416] 255 | 1016 | 108 | 0859 0.922
3 BOOD | 4822 | 0224|005 237| 910 7S | 0852|100 | 2418|284 | 1012 115 i 0.865 | 0.893
Client: WURS/Dames & Moore Boring # B-3 Sample & 5-6
Froject:  Reliant Energy Colusa County | Depth (ft); 25
Froject #1 46800-930-843 Soil: Yellowish Brown Silty Clay
TEST REPORT: Direct shear - inundated, consolidated, & drained test

Signet Testing Labs, Inc.

Flate no:

PLATE Q2-9



